INTRODUCTION
Assisted reproductive techniques (ART) such as in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) are known to be associated with perinatal complication such as preterm birth and low birthweight. [52] [53] [54] [55] Nevertheless, so far neurodevelopmental outcome during the first postnatal years of singletons born after ART appears to be similar to that of singletons born after natural conception. 89 This finding is reassuring, but recently evidence is accumulating that ART may have an effect on the child's later health. 169, 170 Hence, continuing critical evaluation of the effect of ART on neurodevelopmental outcome is warranted.
Hypothetically, several components of assisted conception may interfere with child development, including brain development, such as the impact ovarian hyperstimulation on oocytes and endometrium 171 and the in vitro procedure in terms of embryo culture and manipulation. 31 Other associations with assisted conception that may contribute to an adverse developmental outcome are factors such as andrological factors, an increased maternal age 7,57 and a history of subfertility. [59] [60] [61] [62] We recently developed a new tool to assess the infant's neuromotor function, the Infant Motor Profile (IMP). 143 The IMP is a video-based instrument that evaluates neuromotor condition in terms of the quality of spontaneous motor behaviour in infants aged 3 to 18 months. 143, 144 Its 80 items are organized in five domains, three traditional neuromotor domains (symmetry, fluency and performance) and two novel domains, variation and variability, that are based on the Neuronal Group Selection Theory (NGST). 144, 145 The first novel domain, variation, denotes the size of a child's movement repertoire. Evidence is accumulating that movement variation is a better predictor of developmental outcome than the traditional neurological examination. 146 Reduced variation is associated with early lesions of the periventricular white matter 145, [147] [148] [149] and -more generally -may reflect the integrity of cortical connectivity. 150 Moreover, reduced variation during infancy may be associated with neurodevelopmental disorders in later life 145, 151 and reduced intelligence at school age. 152 The second novel domain, variability, reflects the ability to select adaptive motor strategies out of the repertoire. Variability in motor behaviour emerges during the first 18 postnatal months and is often deviant in children with a developmental disorder, regardless the absence or presence of overt brain injury. 145 The limited ability to select the best strategy for a specific situation is primarily due to deficiencies in the processing of sensory information associated with the child's motor actions. 145, 147 To study potential effects of the different components of ART, we composed the Groningen ART cohort. 135 This cohort consists of the following three groups: a group of children born following IVF or ICSI with conventional controlled ovarian hyperstimulation (COH-IVF) -the conventional form of IVF in which ovarian hyperstimulation induces growth of multiple follicles, a group of children born following IVF or ICSI in the modified natural cycle (MNC-IVF) -in which no ovarian hyperstimulation is applied and the one follicle that naturally develops to dominance is used for treatment, 136,137 and a group of naturally 36 conceived children born to subfertile couples (Sub-NC). Potential differences between COH-IVF and MNC-IVF children are suggestive for an effect of ovarian hyperstimulation, whereas potential differences between MNC-IVF and Sub-NC children will reflect the effect of the in vitro procedure.
We previously reported that neurological condition expressed in terms of minor neurological dysfunction and neurological optimality scores did not differ between the three groups of the Groningen ART cohort up to and including the age of 2 years. 135, 140, 172 Nevertheless, it remains possible that the various components of ART affect brain development.
The present study aims to assess neuromotor development of the children of the prospective Groningen ART cohort at 4, 10 and 18 months of age with the IMP. Primary outcome is the variation domain score at 4, 10 and 18 months. Potential differences between the three groups are most likely to occur in the variation domain as this domain differs most clearly from the neurological concepts evaluated previously with the traditional neurological examination in terms of minor neurological dysfunction and neurological optimality score. Additional outcome parameters are the quality of spontaneous motor behaviour expressed in the total IMP score and the other domain scores variability, fluency, symmetry and performance.
MATERIALS AND METHODS

Participants
Pregnant subfertile couples with a term date between March 2005 and December 2006 were recruited at the Department of Reproductive Medicine of the University Medical Center Groningen. 135 All couples who achieved a singleton pregnancy following IVF or -for example in case of severe male subfertility -following ICSI were invited to participate, which resulted in children born following COH-IVF and MNC-IVF. Couples with a pregnancy after treatment with donated oocytes or embryos or cryopreservation were excluded. A third group resulted in children born naturally to subfertile couples (Sub-NC). These couples had tried to conceive for at least one year, and finally conceived naturally while waiting for fertility evaluation or treatment.
Prenatal, perinatal and demographic information was gathered by use of standardized charts during the first follow-up assessment, approximately 2 weeks post-term. 135 When information was incomplete or complications during pregnancy or birth had occurred, midwifes and gynaecologists were asked for details. Detailed information on the causes and treatment of infertility was retrieved from medical records.
The Medical Ethical Commission of the University Medical Center Groningen approved the study design. Parents provided written informed consent for participation of their child in the study.
Motor assessment
The quality of motor behaviour was assessed with the IMP at 4, 10 and 18 months. 143 The IMP assessment is a video-based instrument that evaluates the quality of spontaneous motor behaviour in infants aged 3 to 18 months. It consists of 80 items that are scored in different positions and situations, i.e. in supine, prone, sitting, standing and walking, and during reaching and grasping. These scores result in five domain scores: variation (i.e. the size of movement repertoire), variability (i.e. the ability to select motor strategies), symmetry, fluency and performance. In infants aged 3 to 6 months the total IMP score consists of the mean of four domain scores, i.e. all domains except the variability domain. In infants older than 6 months the total IMP score consists of the mean of all five domain scores, i.e. it includes also the variability domain. Prior and up to 6 months the infant's limited variability precludes inclusion of the variability domain into the total score. 153 Total IMP scores and domain scores were expressed in percentages, varying from 0 to 100%. The reliability of the IMP is good and the construct validity is satisfactory. 143, 154 The videos were assessed by four trained observers (M.H.-A., K.R.H., M.J.-P., A.S.) Prior to study onset inter-observer reliability was tested. To this end, three assessors independently analysed 16 videos at 4 and at 10 months and two assessors independently analysed 21 videos at 18 months. The intraclass correlation coefficients for the various domains indicated satisfactory to good reliability (Table I) . During the entire study all assessors were blind to prenatal and perinatal history, including the mode of conception.
Statistical analysis
Mann-Whitney U-tests and Chi-square or Fisher's exact tests were used to test differences in demographic characteristics between groups. The numerical outcome variables, i.e. the scores of the domains variation, variability, fluency, symmetry and performance and the total IMP score, observed at 4, 10, and 18 months of age for each child were analysed with a population-averaged or marginal mixed model under the assumption of normality. The three-dimensional unstructured covariance matrix for the outcome variable over age was estimated per study group (COH-IVF, MNC-IVF or Sub-NC) using restricted maximum 
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38 likelihood. The fixed effects in the marginal model incorporated age as a second order polynomial to address differences in individual ages for children at 4, 10, and 18 months. This quadratic relation was fitted per study group, implying an average age profile specific to study group. Subsequently, the overall effect of study group was adjusted for sex, gestational age, birthweight, vanishing twins, time to pregnancy, signs of fetal distress and pregnancy-induced hypertension. The likelihood ratio test (LRT) was first applied to investigate the effect of study group on the covariance structure at 5% significance level. The same covariance structure was taken for the groups when the LRT did not demonstrate significance. Secondly, the LRT was applied to test if study group would have an effect on the mean level of the outcome variables by fitting the models with the selected covariance structure using maximum likelihood. The LRT was applied to test if a separate profile in age was indeed necessary for study group. Again a significance level of 5% was selected. When this LRT did not demonstrate significance on the average age profiles, the LRT was applied to test if the mean level of the outcome variable was affected by study group. In case the last test would be significant at 5% significance level, study group would have a consistent effect on the mean level of the outcome variable over the investigated age period when corrected for the other variables, i.e. an effect of the groups is present but unrelated to age. When study group had no average age specific profile, the mean difference between the groups were estimated and accompanied with an approximate 95% confidence interval using Satterthwaite 173 to the calculation of the number of degrees of freedom.
All analyses were performed with the Statistical Analysis System (SAS) software, version 9.2 and the Predictive Analytics software (PASW) Statistics, version 18. In all analyses probability values of 5% or less were considered significant.
RESULTS
Participation and demographic characteristics
Eighty-nine children born after COH-IVF, 79 MNC-IVF children and 143 Sub-NC children met the inclusion criteria during the prenatal period. Parents of 68 (76%), 57 (72%) and 90 (63%), respectively, agreed to participate in neurodevelopmental follow-up. 135 Overall, obstetrical, neonatal and social characteristics of participants and non-participants were similar, except for maternal age, which was significantly lower for non-participating Sub-NC mothers (P = 0.030). 135 Demographic and perinatal characteristics of participants are outlined in Table II . In general, the groups were similar. However, birthweight and gestational age were significantly higher and longer in Sub-NC children compared to COH-IVF children (birthweight: P = 0.020; gestational age: P = 0.020). Signs of fetal distress were observed more frequently in Sub-NC than in MNC-IVF children (P = 0.046). Sub-NC mothers had more often pregnancy-induced hypertension compared to MNC-IVF mothers (P = 0.043). Time to pregnancy was shorter in the Sub-NC group compared with the COH-IVF group (P < 0.001) and MNC-IVF/ICSI group (P = 0.002). Eight COH-IVF children were survivors of a vanishing twin, whereas one MNC-IVF child was (P = 0.040) and no Sub-NC children were (P = 0.001). None of the children who had been admitted to the neonatal care unit had a serious brain lesion, e.g. cystic periventricular leukomalacia and intraventricular haemorrhage grades III or IV (data not presented).
Attrition at the assessment at 18 months was minimal: two COH-IVF, one MNC-IVF and four Sub-NC children were lost to follow-up. Five of these children were not assessed due to logistical reasons. One MNC-IVF girl died of a congenital heart disorder when she was 3 weeks old. One Sub-NC boy was assessed at 18 months, but his data were excluded from the analysis as his walking behaviour was clearly affected by a fibular aplasia. Eventually, video-recordings of 66 (97%) COH-IVF children, 56 (98%) MNC-IVF children, and 86 (96%) Sub-NC children were analysed at 4, 10 and 18 months (overall attrition rate 3%).
Variation at 4, 10 and 18 months
At 4 months of age, the mean variation scores of the COH-IVF, MNC-IVF and Sub-NC children were 91.6, 94.8 and 94.5 respectively (for details see Table III ). At 10 months, the mean variation scores were 98.2, 98.3 and 98.4 for COH-IVF, MNC-IVF and Sub-NC children, respectively and those at 18 months 96.3, 98.1 and 97.0, respectively (for details see Table  III ).
The mixed model indicated an overall effect of the study groups on the variation score (P = 0.039). The three pairwise comparisons of the groups with regards to the systematic effect of study group that was found indicated that children born following COH-IVF had a significantly lower mean variation score than children born following MNC-IVF (Table IV) . Mean variation scores of children born following COH-IVF and Sub-NC were similar; the same held true for the comparison between MNC-IVF and Sub-NC children (Table IV) .
For the statistical approach, we used a population-averaged or marginal mixed model under the assumption of normality. However, the residuals of the marginal mixed models indicated that the assumption of normality was violated for the variation score, which is most likely caused by a number of children that reached the maximum score (ceiling effect). To investigate whether the conclusion on the study group effect on the variation score could still be accepted, the raw test scores were also analysed as binomial counts using generalized estimating equations (GEE) with a logit link function. The child was selected as a cluster variable with an unstructured working correlation for the three age moments. A systematic effect of study group was significant with the type III score statistic (P = 0.033). This analysis seems to confirm the marginal mixed model analysis under the assumption of normality.
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Total IMP scores and other domain scores at 4, 10 and 18 months
The mean total IMP and domains scores with their 95% confidence intervals are listed in Table III . The mixed-effects model indicated no overall effect of study group on the total IMP score (P = 0.066) or the other domain scores (variability score: P = 0.335, fluency score: P = 0.618 and performance score P = 0.200). The pairwise comparisons of the groups with regards to a systematic effect of study group, suggested that children born following COH-IVF had a lower mean total IMP score than children born following MNC-IVF (Table IV) . However, since no overall study group effect was demonstrated, we applied Bonferroni correction to correct for the three pairwise comparisons. As a result the difference failed to
COH-IVF MNC-IVF Sub-NC n = 68 n = 57 n = 90
Male gender, n (%) 36 (53) 27 (47) 46 (51) First born, n (%) 47 (69) 38 (67) reach statistical significance. No group effect was found in the pairwise comparisons of the variability score, the fluency score and the performance score (Table IV) . The marginal mixed effect models could not be fitted for the symmetry score, because of strong ceiling effect, as the majority of infants moved symmetrically, which caused numerical issues in the statistical analysis. At 4, 10 and 18 months of age, respectively 86.1%, 99.1%, and 98.1% of the children scored a maximum of 100% (Table III) . We therefore decided not to explore this variable further and to exclude this variable from the statistical analysis. The total IMP score, the variability score, the fluency score and the performance score had no or virtually no ceiling effects. 
COH-IVF MNC-IVF
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DISCUSSION
Potential effects of ovarian hyperstimulation and the in vitro procedure
The present study demonstrated that children born following COH-IVF have similar scores on the IMP domain variation, the other IMP domains, and the total IMP as Sub-NC children.
In addition, we found that COH-IVF children, on average, had significantly lower variation scores throughout infancy than children born following MNC-IVF. The latter two groups did, however, not differ in the other domain scores and, after Bonferroni correction, in the total IMP score. The finding that the three groups did not differ in the total IMP score and in all but one of the domain scores is in accordance with our previous observations, which showed no differences in neurological condition in terms of minor neurological dysfunction and optimality scores between the three groups up until 2 years. 135, 140, 172 The present study, however, found a difference in variation score between the COH-IVF group and MNC-IVF group. This underscores the notion that variation in motor behaviour taps on other neural circuitries than traditional neurological signs. 174 Variation in motor behaviour in particular reflects integrity of cortical connectivity. 145, 150 The relatively low scores of COH-IVF children may suggest that ovarian hyperstimulation is associated with reduced movement variation throughout infancy, and that the in vitro procedure most likely is not. A potentially adverse effect of ovarian hyperstimulation could be mediated by an altered ovarian and intra-uterine environment. 40 Several animal studies demonstrated that ovarian hyperstimulation is associated with alterations in hormonal levels and disturbances in the endometrium due to, among other things, a non-optimal expression of endometrial growth factors 41 and reduced endometrial receptivity. 41, 42 The altered early environment could induce a non-optimal development of the oocyte and embryo. The latter corresponds to observations suggesting that neonatal outcomes of children born following IVF or ICSI with frozen embryo transfer are better than those of children born following IVF or ICSI with fresh embryo transfer. 175, 176 In case of fresh embryo Note that the overall study group effects were adjusted for sex, gestational age, birthweight, time to pregnancy, fetal distress, vanishing twins and pregnancy-induced hypertension.
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transfer the developing embryo is exposed to a hormonally loaded endometrium. However, an argument against an unfavourable effect of ovarian hyperstimulation is the finding that the variation scores of children born following COH-IVF did not differ significantly from that of Sub-NC children. Many other studies also conclude that early neurodevelopmental outcome of children born after IVF or ICSI -i.e. the commonly applied IVF or ICSI with ovarian hyperstimulation -does not differ from children conceived naturally. 89, 120, 177 Moreover, it should be kept in mind that the women who underwent MNC-IVF or MNC-ICSI fulfilled specific selection criteria with regards to age, BMI, previous ART treatment and the presence of an ovulatory menstrual cycle. 136, 137 We applied multivariable statistics to reduce selection bias, but it is conceivable that subtle group characteristics continued to affect the IMP outcomes.
Strengths and limitations
The construction of our cohort has enabled us to study several components of assisted conception, in particular the effect of ovarian hyperstimulation and the in vitro procedure and the combined effect. Our control group consisted of children born to subfertile parents of whom the characteristics closely resembled those of the two IVF/ICSI groups. This resulted in minimization of confounders such as maternal age and parity, and a minimization of potential overestimations of effect.
Another strength of this study is the application of a sensitive and age-specific instrument to study neurological development. The IMP measures neurological development in terms of the quality of spontaneous motor behaviour, which is a good predictor for neurodevelopmental outcome. 145 A limitation of the IMP, however, is its lack of norm scores. However, the use of non-normalized scores to study differences between groups is justified. The IMP scores of our study groups seem to be relatively high, compared to the outcomes of Heineman et al. and reflect the relatively healthy condition of the children's nervous system. 154 The latter corresponds to earlier neurological findings of our study groups. 135, 140, 172 The prospective design of the study reduced potential selection bias -based on the child's development or health -since we invited parents in the third trimester of their pregnancy. The longitudinal design of our study enabled us to study neurological development over time up until 18 months. Additional strengths of the present study are the blinding of the assessors to the mode of conception and the minimal postnatal attrition rate (approximately 3%).
There are several limitations to the present study. First, the study's sample size had been calculated for neurological outcome at 18 months according to Hempel. 140 We performed a post hoc sample size calculation for the variation domain score, based on a formula described by Diggle et al., using three time points, the observed effect sizes and variancecovariance estimates from the statistical analysis. 178 To demonstrate effect sizes of more than 0.7 for the variation domain score between two study groups with 80% power and 5% significance level, at least 75 to 225 children had to be included per study group depending 44 on the covariance parameters. This means that the current study with approximately 70 subjects per study group is somewhat underpowered to detect such effects.
The lack of a fertile control group precluded conclusions on potential effects of underlying subfertility problems. The latter are known to be associated with worse obstetric, perinatal 59-62 and neurodevelopmental outcome. 97, 98 It is well known that controlled ovarian hyperstimulation IVF/ICSI is associated with multiple births, which in turn is associated with developmental adversities. 179 Therefore, developmental outcome of singletons and twins has to be studied separately. Our study was limited to singletons only, implying that the results cannot be generalized to multiples.
From a statistical point of view it should be noted that the assumption of normality was violated for the variation score, as indicated by the residuals of the marginal mixed models. This was most likely caused by ceiling effects, but not to such an extent that it hampered the analyses. A binominal model would have incorporated a ceiling effect, however, it has fewer options in choosing an appropriate covariance structure that may depend on other factors. Furthermore, the residuals of the marginal mixed models indicated that the assumption of normality was not violated with the total IMP score, the variability score, the fluency score and the performance score. For the symmetry score, however, we were unable to fit the marginal mixed-effects model because of a strong ceiling effect, and we therefore decided to exclude the variable from the statistical analysis. An effect of study group on the symmetry score would have been, however, highly unlikely, since the mean scores of the three groups are very similar (Table III) .
We conclude that we observed in the present longitudinal, prospective, assessor-blinded cohort study a difference in variation score between COH-IVF and MNC-IVF children, with the latter group performing better than the former. Simultaneously, a similar difference was not observed between the two IVF groups and the Sub-NC group. Most likely these results do not imply that ovarian hyperstimulation is associated with a reduction in movement variation throughout infancy. As the application of assisted reproduction is steadily expanding and previous studies showed that reduced variation during infancy is associated with the development of neurodevelopmental disorders 145,151 and reduced intelligence 152 , evaluation of the effect of ovarian hyperstimulation on long-term developmental outcome is warranted.
